Abstract: 2H-Indazolo[2,1-b]phthalazine-1,6,11(13H)-trione derivatives were synthesized in a simple and efficient method from the three-component condensation reaction of phthalhydrazide, dimedone, and aromatic aldehydes by H 3 PW 12 O 40 in ionic liquid in good to excellent yields and short reaction times. The ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim]BF 4 ) offered the best results in terms of yield of the products. It was observed that a homogeneous reaction medium proved beneficial for the yield of the reaction.
INTRODUCTION
Nitrogen-containing heterocyclic compounds spread out over a large area in nature, and their act of applying to biologically active pharmaceuticals, agrochemicals, and functional materials are becoming to a larger and larger degree important [1] . Phthalazine derivatives were reported to possess vasorelaxant [2] , cardiotonic [3] , and anticonvulsant [4] , activities. Therefore, a number of methods have been reported in the literature for the synthesis of phthalazine derivatives [4] [5] [6] [7] [8] [9] [10] [11] . Unfortunately, many of these processes suffer from one or other limitations such as harsh reaction conditions, low product yields, tedious workup procedures, relatively long reaction times, and cooccurrence of several side products, and difficulty in recovery and reusability of the catalysts. Moreover, some of the reagents employed are very expensive. Therefore, the search continues for a better catalyst for the synthesis of heterocycles containing phthalazine ring fragment in term of operational simplicity, reusability, economic viability, and greater selectivity. Recently the synthesis of 2H-indazolo [2,1-b] phthalazine-triones has been reported by Bazgir and co-workers using p-TSA as catalyst [12] .
In recent years, the use of ionic liquids as a recyclable reaction medium, to replace volatile organic solvents has received considerable attention [13] . Ionic liquids, also called "the designer solvents", have been largely successful in replacing obnoxious organic solvents. Their high thermal stability and ability to solvate various substrates have made them highly useful in a variety of organic reactions [14] [15] [16] .
In recent decades, uses of heteropoly acids (HPAs) as catalysts for fine organic synthetic processes have been developed and are important for industries related with fine chemicals [17] , including flavors, pharmaceuticals and food industries [18] . Heteropoly acids are more active catalysts than conventional inorganic and organic acids for various *Address correspondence to these authors at the Department of Chemistry, Islamic Azad University, Shahreza Branch, 86145-311, Iran; Tel: +98 321 3232706; Fax: +98 321 3232701-2; E-mails: fazaeli@iaush.ac.ir, aliyan@iaush.ac.ir reactions in solutions [19] . They are used as industrial catalysts for several liquid phase reactions [20] [21] [22] [23] . Among heteropoly acids, polytungstic acids are the most widely used catalysts owing to their high acid strengths, thermal stabilities, and low reducibilities. Catalysts based on heteropoly acids as Brønsted acids have many advantages over liquid acid catalysts. They are non-corrosive and environmentally benign, presenting fewer disposal problems. Solid heteropoly acids have attracted much attention in organic synthesis owing to easy work-up procedures, easy filtration, and minimization of cost and waste generation due to reuse and recycling of the catalysts [24] [25] [26] . Supported heteropoly acid on silica gel has been used as effective catalyst for Diels Alder [27] and Fries rearrangement [28] , Friedel-Crafts reactions [29] .
In continuation of our work on the catalytic properties of heteropoly acids [30] , herein, we wish to report a suitable method for the use of H 3 PW 12 O 40 in ionic liquid as catalyst for Preparation of 2,2-dimethyl-13-phenyl-2,3-dihydro-1H-indazolo[2,1-b]phthalazine-4,6,11(13H)-trione (Scheme 1).
RESULT AND DISCUSSION
At first, for optimization of the reaction conditions, the reaction of benzaldehyde (1.2 mmol), dimedone (1 mmol) and phthalhydrazide (1 mmol) in CH 3 CN at room temperature in the presence of a catalytic amount of H 3 PW 12 O 40 (5 mol%) was studied. The analysis of the reaction mixture showed that the desired product 2,2-dimethyl-13-phenyl-2,3-dihydro-1H-indazolo[2,1-b]phthalazine-4,6,11(13H)-trione was produced in only 75% after 3 h plus unreacted starting materials ( We carried out the reaction in various other hydrophilic as well as hydrophobic ionic liquids and conventional organic solvents to compare the outcome of the reaction in terms of the yield and the rate of the reaction. HPA dissolved in organic solvents like DMF, and acetonitrile and hydrophilic ionic liquids, such as 1-butyl-3-methylimidazolium chloride ([bmim]Cl) to produce a homogenous system. However, HPA was insoluble in hydrophobic ionic liquids, such as 1-butyl-3-methylimidazolium hexafluorophosphate ([bmim]PF 6 ). Better yields were obtained when catalyst was soluble in the reaction medium compared with those obtained when the catalyst was insoluble in the reaction solvent (Table 1, entries 6,7). From these observations, it can be deduced that the solubility of the catalyst in the medium plays an important role in enhancing the outcome of the reaction and that a homogeneous system produces better yields. Amongst the various ionic liquids and organic solvents that were employed for the present study, [bmim]BF 4 was employed for further investigation. In order to show the general applicability of the protocol, we have applied this catalytic system for the preparation of 2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione derivatives from several types of aldehydes. Aromatic aldehydes carrying either electron donating or withdrawing substituents afforded high product yields with high purity ( 4 with respect to the amounts of the catalysts used, reaction times and yields of the products ( Table 4) . Comparison of Keggin type heteropoly acid with these catalysts for this reaction show that activity of HTP/[bmim]BF 4 seems to be higher than or equal with other known catalysts ( Table 4 ).
The combination of the heteropoly acid and [bmim]BF 4 provides a homogeneous system for the reaction; hence this prompted us to investigate the possibility of recycling the complete system of HPA and ionic liquid. The result was quite fruitful. The entire product could be isolated from the reaction mixture simply by ether extraction, and the system of the catalyst and ionic liquid could be recovered and recharged with fresh substrates. We screened the system for three subsequent runs; the product was obtained in 98 %, 96% and 87% yields, respectively ( Table 5) .
EXPERIMENTAL
All solvents and reagents were purchased from Fluka, Aldrich and Merck chemical Companies. The products were purified by column or thick layer chromatography techniques. Products were characterized by comparison of spectroscopic data (IR, 1 H NMR spectra) and melting points with authentic samples. FT-IR spectra were recorded on a Shimadzu DR-8001 spectrometer. NMR spectra were recorded on a Brucker Avance DPX 250MHzinstrument. 2H-Indazolo[2,1-b]Phthalazine-1,6,11(13H) Mass spectra were recorded on a Shimadzu GC-MS-QP 1000PX. Melting points are not corrected. 
Typical Procedure for the Preparation of 2H-Indazolo [2,1-b]Phthalazine-1,6,11(13H)-Trione Derivatives 4
To a mixture of ionic liquid (2 mL) and phosphotungstic acid (3 mol%), dimedone (0.14 g, 1 mmol), phthalhydrazide (0.16 g, 1 mmol) and an aldehyde (1.2 mmol) were added. The resulting mixture was stirred at room temperature for the appropriate time as indicated in Table 3 . The progress of the reaction was monitored by TLC. The crude product was isolated by extracting the reaction mixture with diethyl ether (4 15 ml). The combined ether extractions were dried over Na 2 SO 4 , concentrated and the residue recrystallized from ethyl acetate/n-hexane (1:3) to afford the pure product. The products 4a-4f are known compounds, and their structures were deduced by comparison of their physical and spectroscopic data with those previously reported [9] [10] [11] [12] . 
CONCLUSIONS
We have described an efficient and one-pot synthesis of 2H-indazolo[2,1-b]phthalazine-triones via a cyclocondensation reaction of dimedone, phthalhydrazide, and aromatic 2H-Indazolo[2,1-b]Phthalazine-1,6,11(13H) aldehydes using a combination of heteropoly acid and ionic liquid under solvent-free conditions. Both the catalyst and ionic liquid could be easily recovered and recycled. The absence of undesirable side-products and ambient reaction conditions also enhanced the synthetic utility of the reaction.
